Tamoxifen (TAM) has been prescribed for decades and aromatase inhibitors (AIs) have been used since the early 2000s in preventing subsequent breast cancer. However, outside of clinical trials, the effectiveness of AIs is not established. We examined the long-term risk of subsequent breast cancer among survivors treated with TAM and AIs in a large health plan. The study included 22,850 survivors, diagnosed with initial breast cancer (stages 0-IV) from 1996 to 2006, and followed 13 years maximum. We compared the risk of subsequent breast cancer in those who used TAM and/or AIs versus nonusers (the reference group). Hazard ratios (HR) adjusted for patient, tumor, treatment, and healthcare characteristics were estimated using Cox models with time-dependent drug use status. Women who used TAM/AIs had a large reduction in risk of subsequent breast cancer compared with nonusers. While confidence intervals (CI) for all hormone treatment groups overlapped, women with high adherence (medication possession ratio !80%) who used AIs exclusively and had positive ER or PR receptor status had the greatest risk reduction (HR = 0.34, 95% CI: 0.28-0.41), followed by those who switched from TAM to AIs (HR = 0.39, 95% CI: 0.30-0.49), and those who used TAM exclusively (HR = 0.42, 95% CI: 0.36-0.47). Women with high adherence had the greatest risk reduction in subsequent breast cancer, but the results were not substantially different from women who took the drugs less regularly. Compared with nonusers, the reduction in subsequent breast cancer risk ranged from 58% to 66% across the hormone treatment groups and degree of adherence.
Introduction
The American Cancer Society estimates that over 20,700 new cases of invasive breast cancer were expected in 2012, and that breast cancer will be responsible for one in 33 women's deaths [1, 2] . Next to radiation therapy, endocrine hormonal treatments, primarily tamoxifen (TAM) and aromatase inhibitors (AIs), are the most common adjuvant treatment for women with hormone receptorpositive breast cancer [3] [4] [5] [6] [7] . TAM acts by blocking estrogen binding to its receptor, while AIs block estrogen production [8] . It is generally recommended that women take these antiestrogen medications for 5 years (solely or sequentially), but duration of use varies in the general population. Earlier guidelines in the United States recommended AIs for treatment of late-stage breast cancer (stages III-IV) [4] ; however, recent guidelines recommend use of AIs for all postmenopausal women diagnosed with invasive disease regardless of stage [8] [9] [10] . Guidelines also recommend that pre-or perimenopausal women at diagnosis take TAM for 5 years [11] .
TAM has been prescribed for the past 25 years, and 20 mg/day is indicated for women with estrogen or progesterone-positive invasive breast cancer. Clinical trials found TAM decreases the risk of subsequent breast cancer by 50% [12] . However, data on its effectiveness in the general community are limited [13] . Additionally, while clinical trials are important for assessing treatment efficacy, such studies tend to include healthier women. AIs typically have been used following a period of TAM 
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Open Access treatment; however, as a result of recent randomized clinical trials of AIs (letrozole, anastrozole, and exemestane) [14] , current national guidelines recommend that women with hormone receptor-positive breast cancer take AIs as part of adjuvant treatment either up-front or following TAM [10] . A meta-analysis of clinical trials that evaluated AIs demonstrated a 48% reduction in contralateral breast cancer in comparison with TAM [15] . Nevertheless, while a number of clinical trials demonstrate the benefits of AIs [16] [17] [18] , little is known about the extent of their effectiveness in diverse groups of breast cancer survivors in the community setting. Furthermore, the longest median follow-up in the recent clinical trials was 8 years, with the majority of studies having shorter follow-up. Notably, the number of events (subsequent breast cancer or deaths) was low in these trials, thus limiting inference. Therefore, our goal was to examine the long-term risk of subsequent breast cancer (up to 13 years of follow-up) in survivors of all stages of disease who were treated with TAM, AIs, or both using data from a large integrated health plan delivery system.
Methods

Data sources and setting
We conducted a cohort study of breast cancer survivors who were members of Kaiser Permanente Southern California (KPSC), a prepaid nonprofit integrated group practice health plan that serves over 3.2 million members. KPSC includes over 5000 physicians from multiple specialties who care for members at 15 medical centers and over 100 outpatient medical offices. Data elements for this study were extracted from electronic health records including membership, outpatient visits, diagnoses, procedures, hospital admissions and discharges, and pharmacy prescriptions. Virtually all members have pharmacy coverage. The study protocol was reviewed and approved by the KPSC Institutional Review Board.
Patients and eligibility
Women over 18 years of age who had been members of the health plan for at least 1 year prior to breast cancer diagnosis and were diagnosed with their first breast cancer (stages 0-IV) between 1 January 1996 and 31 December 2006 were identified from the health plan's electronic SEER-affiliated (Surveillance Epidemiology and End Results) tumor registry. Women were included regardless of their ER/PR status. Women were excluded if they had a prior history of cancer (except nonmelanoma skin cancer), a bilateral diagnosis of breast cancer on the index diagnosis date, or if they lacked pharmacy benefits. We identified 25,577 women who met the eligibility criteria. We then excluded the following women: n = 758 due to long gaps in membership prior to index year, n = 1091 due to previous cancer, n = 207 who had bilateral breast cancer at index date, and n = 225 with missing stage information. We further excluded 446 women with nonstandard hormone treatment regimens (i.e., used AIs initially then switched to TAM or switched multiple times). This left a total of 22,850 eligible women for the analysis.
Outcome definition
Subsequent breast cancer was defined to be invasive recurrences that occurred in the ipsilateral (same) breast, regional (e.g., lymph nodes in axilla, chest wall, or near clavicles), or distant sites. Because adjuvant hormonal treatment has the ability to reduce risk of recurrence in the same breast by 50% and has been equally effective in reducing risk in the contralateral breast, we examined the outcome (ipsilateral and contralateral events) as one dichotomous outcome (absence/presence) [19, 20] . Second primary (contralateral) breast cancer was identified from the SEER-affiliated tumor registry, while other recurrences were identified from electronic outpatient and inpatient records using International Classification of Diseases Ninth Revision (ICD9) diagnosis code 174 (malignant neoplasm female breast) or ICD9 code 233 (ductal carcinoma in situ, DCIS) occurring more than 180 days after the index diagnosis date. These diagnoses had to be accompanied by a hospitalization or procedure code (biopsy, mastectomy, lumpectomy or other surgery, radiotherapy, chemotherapy) that occurred within 90 days following this later diagnosis. In women initially diagnosed with stage IV disease, we identified cancer progression using ICD9 code 174 accompanied with radiology imaging, chemotherapy, or surgical procedure codes, although some of these procedures could have been done for palliative care. Additionally, we identified new tumors in other organs using the tumor registry.
Cancer treatment and medication data
Information on primary cancer therapy (surgery, radiotherapy, and chemotherapy) was extracted from the SEER-affiliated tumor registry. We used computerized pharmacy data to identify filled TAM and AI prescriptions, dispensing dates, and days supplied after the index breast cancer diagnosis date. We estimated the total duration of each hormonal medication by summing the total days supplied for all prescriptions. The AIs that we examined were letrozole, anastrozole, and exemestane. The medication assessment period started on the earliest prescription dispensing date after the index breast cancer diagnosis and ended at one of the study endpoints (date of subsequent breast cancer diagnosis, death, health plan membership termination, or study's end). Women were classified into one of four exposure categories based on their hormone medication use patterns: (1) TAM only, (2) AI only, (3) switchers, and (4) nonusers of hormone treatment (the reference group). Women were categorized as "switchers" if they used TAM for at least 6 months and then used AIs for at least 6 months. Women who never used adjuvant hormonal treatment, or who used the medication for less than 6 months, were included in the reference group (labeled "nonusers" hence forward).
Follow-up
We followed women until the date of subsequent breast cancer diagnosis, death, termination of health plan membership, or 31 December 2008, whichever occurred first. Thus, women were followed a maximum of 13 years (median 6.5 years, range 0.5-13 years). Dates of death were ascertained by linkage with electronic data from the State of California's master file of death certificates, electronic inpatient records, and the Social Security Administration file. Gaps of 60 days in enrollment were ignored as these were likely administrative gaps.
Statistical analysis and covariates
We compared subsequent breast cancer risk with adjuvant hormonal treatment groups. Information on covariates specific to demographics, tumor characteristics, and cancer treatments was extracted from electronic health records and the SEER-affiliated tumor registry. Comorbidity status in the year prior to breast cancer diagnosis was determined using the Deyo adaptation of the Charlson Index [21] . Chi-square tests and P-values (two-sided) were used to examine the associations of demographics, primary and adjuvant cancer treatments, health-care utilization, and tumor characteristics with hormone medication use. Adjusted hazard ratios (HR) for subsequent breast cancer and 95% confidence intervals (CI) were estimated using Cox proportional hazards models with time-dependent drug use status. Hence, the person-time accrual began on the date of the hormonal treatment initiation [22] . The multivariable models were adjusted for age at diagnosis, diagnosis year, stage at diagnosis, menopausal status, race/ethnicity, comorbidity score, geocoded median household income, tumor size, histology, lymph node involvement, estrogen, progesterone and HER2/neu receptor status, health-care resource utilization, bisphosphonate use, first course of treatment (surgical, radiotherapy, chemotherapy), and an age with comorbidity interaction term.
In addition, we repeated the Cox multivariable analyses on a subset of women who had !80% medication possession ratio (MPR), a standard measure for estimating medication compliance [23] . The MPR was estimated as the number of days supply (excluding last refill) divided by the number of days between first and last dispense date. The 80% MPR is a recognized level that suggests that there are very few days without drugs on hand, and consequently fairly continuous medication usage.
Results
As a part of their adjuvant treatment, 12.9% (n = 2939) used AIs exclusively, 11.1% (n = 2542) used both TAM and AIs (i.e., switchers), 29.7% (n = 6797) used TAM only, and 46.3% (n = 10,572) did not use either hormonal drug (Table 1) . Baseline demographic characteristics are shown in Table 1 . Use of AIs steadily rose in the early 2000s, with a marked increase occurring in 2003 [24] . Race/ethnicity was somewhat associated with type of hormonal treatment. Among the 2959 black women in the study, a greater fraction (56% or 1656/2959) did not use hormonal treatment compared with women of other backgrounds (P < 0.0001). Women in categories associated with higher geocoded median household income were more likely to use hormone therapy than women in lower income categories (P < 0.0001).
We also examined the distribution of health-care factors by use of hormonal treatments in the year before breast cancer diagnosis. The distribution of outpatient visits and hospitalizations was generally similar across hormonal drug users and nonusers (data not shown). The majority of the cohort had no comorbidities (78.4%, n = 17,920) in the year prior to diagnosis, while a small fraction had a Charlson score of !3 (3.6%, n = 817). Women who were switchers were less likely to have a high comorbidity score (!3) compared with women from other categories (P < 0.0001). Regarding menopausal status, about 37.0% (n = 8451) of the cohort was postmenopausal. Within this group, 3938 women had used hormonal medications (2527 [29. 9%] used TAM only; 542 [6.4%] used AIs solely; and 869 [10.3%] had used both). Table 2 presents the distribution of tumor characteristics and primary and adjuvant treatments of the baseline breast cancer diagnosis by hormone drug use status. The majority of the cohort was diagnosed with early-stage disease (stages 0-II, 89.2%, n = 20,392). These results identify a potential small degree of off-label use of AIs among stage 0 survivors. Specifically, we found that among 3986 women with stage 0 disease (ductal carcinoma in situ), roughly 898 (22.5%) women used TAM while 52 (1.3%) used AIs and 27 (0.7%) used both following their baseline diagnosis. In addition, 1190 women initially diagnosed with stages III-IV disease used hormonal treatment following their late diagnosis. Of these, 744 used AIs solely or switched from TAM to AIs. Furthermore, a number of women with ERÀ tumors used TAM or AIs (n = 431). Of the 431 with ERÀ disease, 281 (65%) were PR+ (data not shown). Of note, the percentage of subsequent breast cancer in ERÀ women was the same regardless of whether they used hormone treatment (13% and 14%, respectively, data not shown).
Hormone medication use varied by primary therapy (surgery with or without radiation) and also by adjuvant chemotherapy (P < 0.0001 for both variables) ( Table 2) . Among the 8614 women who underwent chemotherapy, nearly 46.1% (n = 3967) did not receive hormonal treatment. Women with invasive ductal carcinoma, mixed histology, and grade 2 lesions were more likely to use hormonal medications. The majority of women in this cohort (n = 20,326) had lesions of <1 cm in size. Within this group, 6171 women used TAM solely while 5182 women used AIs alone or following TAM. Among the 6116 women with positive lymph nodes roughly, 35.4% (2165/6116) had used AIs only or were switchers while 27.6% (1690/6116) used TAM only. As expected, women with ER+ or PR+ or HER2À lesions were more likely to use AIs solely or following TAM compared with women with ERÀ or PRÀ or HER2+ lesions (P < 0.0001 for all variables). Strikingly, 24.1% (3237/13,412) of the women with ER+ invasive disease did not use hormonal drugs, or used them for less than 6 months, as a part of their long-term therapy. This association was also seen with the PR+ status. Table 3 presents the overall and adjusted impact of AIs, TAM, and switching drugs on subsequent breast Table 3 displays the overall and adjusted hazard ratios among the whole cohort, while the bottom half presents the association among women who had better drug adherence as defined by having a !80% MPR. Among women with !80% MPR with TAM and AIs, adjusted HRs demonstrate that all users of hormone treatment had a strong reduction in subsequent lesions, from 46% to 60% lower compared with nonusers (the reference group). While confidence intervals for all hormone treatment groups overlapped among those with good drug adherence, women who used AIs exclusively had the greatest risk reduction (HR = 0.40, 95% CI: 0.33-0.48), followed by those who switched from TAM to AIs (HR = 0.47, 95% CI: 0.38-0.59), and those who used TAM exclusively (HR = 0.49, 95% CI: 0.43-0.54).
When we repeated the analyses on the 14,640 subset of women with known hormone receptor status (ER+ or PR+), the risk reduction was even greater in all three drug user groups (Table 4) . Of the 14,640 survivors, 11,509 women had high adherence. Among the 11,509 women with high adherence, those who used AIs exclusively had the greatest risk reduction (HR = 0.34, 95% CI: 0.28-0.41), followed by those who switched from TAM to AIs (HR = 0.39, 95% CI: 0.30-0.49), and those who used TAM exclusively (HR = 0.42, 95% CI: 0.36-0.47).
We also repeated the model on a subset on women who were diagnosed with invasive cancer (i.e., we excluded women initially diagnosed with DCIS and also those who later developed DCIS as an endpoint) who did not receive chemotherapy (n = 8720). In this subgroup of women with high medication adherence, the similar reduction in subsequent breast cancer was seen for each treatment group as those models that included women with DCIS (Table 5) . Again, the protection was the greatest in women who used AIs exclusively (HR = 0.35, 95% CI: 0.28-0.43), followed by switchers (HR = 0.37, 95% CI: 0.27-0.50) and those who used TAM exclusively (HR = 0.40, 95% CI: 0.34-0.46). In a different contrast, when we removed women who did not receive any hormonal treatment, the impact of exclusive AI use (HR = 0.96, 95% CI: 0.72-1.29) was similar to TAM (HR = 1.00, reference group) further confirming that protection conferred by the two medications is similar in magnitude (Table 5) . Figure 1 displays the adjusted survival functions for the three types of adjuvant treatment (TAM, AI, switchers) and nonusers controlling for other covariates as listed in Tables 3-5 . The survival was highest in women who took AIs exclusively, but the curve for women who used TAM only was similarly high. The curve for the switchers overlapped with that of the AI exclusive users. Given that these curves are adjusted for the covariates as in the models, they demonstrate that the subsequent breast cancer rates were similar for the switchers as those who used AIs exclusively. Also, subsequent breast cancer rates begin to diverge after 5 years of follow-up in the AI and TAM groups, but not significantly.
Discussion
This population-based study examined the long-term risk of subsequent breast cancer in a group of nearly 23,000 women treated with TAM, AIs, or both as compared with nonusers of hormonal treatment. There are several critical lessons gained from this population-based study. These data suggest that women who take AIs alone or following TAM treatment have subsequent breast cancer rates similar to women treated exclusively with TAM, and that all types of hormone treatment show markedly lower rates of subsequent breast cancer as compared with nonusers. This study also demonstrates the continued use of TAM as an important drug to reduce subsequent breast cancer risks as the rate of such lesions was significantly reduced over the 13-year follow-up period in this group. Furthermore, although the rate of subsequent breast cancer was lowest in women with high drug adherence, they were not substantially different from women who took the drugs less regularly. Hence, this study demonstrates the benefit of taking hormonal medications even if women take such drugs irregularly. This is a critical point and offers providers options for treating women. For example, women might be struggling physically (due to side effects) or financially while taking these medications daily, and if survivors are encouraged to continue their medications for 6 months or longer, but less than the recommended 5 years, their risk of subsequent breast cancer may still be reduced. Additionally, women over age 65 may have gaps in prescription usage due to the "doughnut hole" in Medicare coverage; however, this study supports the continued use of generic TAM as a treatment option [5, 20, 25] . Switched from tamoxifen to aromatase inhibitor. 3 MPR, medication possession ratio. Switched from tamoxifen to aromatase inhibitor. 3 MPR, medication possession ratio.
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In a large diverse community of breast cancer survivors, our results confirm the effectiveness of adjuvant hormonal therapy. The results of this study generally corroborate the findings of the randomized clinical trials of AIs that have examined subsequent breast cancer tumors as endpoints [9, 12, [14] [15] [16] [17] [18] . Although each trial examined slightly different outcomes and shorter follow-up as compared with this study, the rates of subsequent breast cancer events were lower in the groups that used AIs [26] . Compared with nonusers, women who solely used AIs had the greatest reduction in risk, but the magnitude of effect was similar in women who used both TAM and AIs.
This study offers insight into the diffusion of these medications in "real" world settings. Astonishingly, 24.1% of the women with invasive ER+ disease prescribed hormonal drugs did not use them as a part of their long-term therapy. Another recent study similarly determined that a large fraction of breast cancer survivors in another health plan did not use these treatments [27, 28] . As a result of these findings, our health plan will examine contraindications using medical records to identify postmenopausal women who should be targeted for such treatment. It is possible that such women had a history of peripheral thromboembolic disease or other contraindications. We also found a small degree of off-label use of hormone treatment among stage 0 (DCIS) survivors. Specifically, of the 3986 women with DCIS, 52 (1.3%) women used AIs and 27 (0.7%) used both AIs and TAM following their baseline diagnosis. We also found that a small fraction of women with ERÀ tumors used hormonal treatment (n = 431); however, a large fraction of these women were also PR+ (65%). It is unclear from the electronic data why these particular women used hormonal treatments, but it is possible that they may have had risk factors associated with subsequent breast cancer that we could not capture such as being a BRCA mutation carrier or family history. In addition, some women diagnosed with HER2-positive tumors prior to 2005 might have had higher rates of subsequent breast cancer because of the unavailability of trastuzumab, which was approved by the FDA in 2005.
Certain limitations of this study need to be considered. We were not able to examine why women switched from TAM to AIs. In addition, we may not have captured all subsequent breast cancer lesions through the electronic clinical records; hence, the actual protective effects of Switched from tamoxifen to aromatase inhibitor. these adjuvant hormonal treatments may in fact be greater. The ideal source for capturing subsequent breast cancer lesions would have been the paper medical charts, but reviewing this large number was not feasible. Despite this limitation, the subsequent breast cancer rate in this study is consistent with previous chart review-based studies of other health plans in the United States with similar follow-up periods [19, 29] . Although we captured a comprehensive number of covariates, residual confounding is possible in this observational study. This study has a number of advantages. Given its large sample, the diverse cohort included nearly 3000 black women and 2800 Hispanic women. Another advantage was our access to comprehensive pharmacy records with up to 13 years of follow-up. The study was based in an integrated health plan where patients receive virtually all their care within the system. The major reason for loss to follow-up was death (median length of membership was 20 years among the subjects including the pre-and postbreast cancer diagnosis periods; data not shown). The results of this study may not be generalizable to all settings as the study group included insured women; however, the characteristics of the KPSC membership are similar to the communities in which it serves in terms of race/ethnicity and income distribution.
Future studies of hormonal treatments should consider how potential side effects of the hormonal treatments impact discontinuation [30] [31] [32] . Additional long-term population-based studies are needed to determine whether risk of subsequent breast cancer is reduced by initially starting on an AI or by taking specific AIs following a certain number of years of TAM use, if particular AIs are more effective than others, and if combinations of hormonal treatments beyond the first 5 years improve survival.
